Background: Smoking is the most important single preventable cause of a variety of common diseases, and a considerable share of premature death is attributable to smoking. Although the effects of smoking on morbidity and mortality are widely recognized, little is known about the impact of smoking on early retirement due to chronic disease. The objective of the study is to determine the effects of smoking behaviour on early retirement due to permanent disability in a large sample of the general population. Methods: Follow-up study based on data from three longitudinal population studies conducted in the Copenhagen area. The final study population comprised 9,053 persons, 5,623 men and 3,430 women. Endpoint was grant of disability pension in the period 1980-1985. Baseline information was obtained from a self-administered questionnaire. Information about disability pensions was obtained from Statistics Denmark. Data analysis was performed by univariate and multiple logistic regression analyses. Results: Smoking was found to be strongly associated with the risk of being granted a disability pension after adjustment for various confounders. The risk increased with daily consumption reaching a maximum odds ratio of 5.66 (1.88-17.00) and 5.61 (2.11-14.92) in heavily smoking men and women, respectively, who were below age 60. Conclusions: Smokers are at considerably higher risk of early retirement due to chronic disease. In addition to the burden of disease, this leads to social and economic problems for the individual and has a significant economic impact on society.
Smoki ng is the most important single preventable cause of a variety of common diseases, such as peripheral vascular disease, ischemic heart disease, stroke, lung cancer, chronic obstructive lung disease, and pneumonia, and a considerable share of premature death is attributable to smoking. [1] [2] [3] [4] Although the effects of smoking on morbidity and mortality are widely recognized, little is known about the impact of smoking on early retirement due to chronic disease, an important endpoint for the individual in terms of social and economic problems as well as an economic burden for society. From previous studies it is known that high age, marital disruption, 5 low level of education, 6, 7 socio-economic status 8 and occupational factors, such as exposure to physically strenuous work, too high a pace, unpleasant working conditions, and unemployment 6, 9 are associated with a high probability of being granted a disability pension. Moreover alcoholism, 10,11 high body mass index, 12 a sedentary lifestyle, previous hospitalization, poor health and previous sick leave for more than five weeks 13, 14 may also indicate a higher risk. Further, cross-sectional studies have shown that smoking is more frequent among disability pensioners than among the working population. 15, 16 Unfortunately, cross-sectional analyses do not provide an insight into the temporal relationship between smoking and disability pensioning. Until today, most prospective studies have considered smoking solely as a potential confounder in the analysis of other risk factors of disability pensioning. Only a few studies have evaluated the effect of smoking on disability pension in detail. 13, [17] [18] [19] These studies are, in general, quite small and have been based on men only or on men and women as one although causes for disability pensioning may be quite different in men and women. Thus, large prospective studies and studies considering especially women are needed. Moreover, the effects of smoking-related risk factors, e.g. inhalation, tobacco type and years of smoking have not been thoroughly investigated previously. The objective of this study based on a large sample of the general population is to determine the effects of smoking and smokingrelated factors on early retirement due to permanent disability in both sexes.
METHODS

Study population
The present study was based on pooled data from three longitudinal population studies conducted in the Copenhagen area. These are The Copenhagen City Heart Study (CCHS), The Glostrup Population Studies (GPS) and The Copenhagen Male Study (CMS ), daily alcohol consumption (0, 1-2, 3-5, and >6 drinks per day), physical activity at work (sitting, standing/walking, walking/ lifting, physical exhausting), and exercise in leisure time (none or very little, regular). Moreover analyses were adjusted for study cohort of origin (CCHS, GPS, CMS).
Statistical analysis
Early retirement due to permanent disability in relation to smoking was analysed by multivariate logistic regression analysis using disability pension or non-disability pension as the endpoint. Separate analysis was performed for each gender as well as for persons below or above 60 years of age, respectively. The analyses were adjusted for age by including age in 1985 as a continuous independent variable after checking for linearity. Smoking-related risk factors and possible confounders were analysed in age-adjusted univariate analyses and considered in the multivariate analysis if p was less than 0.20. Only confounders with p less than 0.05 and/or confounders affecting the estimates of smoking status were included in the final model. Relevant interactions were also analysed and included in the model if necessary. Statistical significance was tested by the likelihood ratio test. All statistical analyses were performed using STATA. 21 Results are presented as odds ratios (OR) with 95% confidence intervals (CI).
RESULTS
The present study population consisted of 9053 subjects 5623 men and 3430 women. Baseline information on smoking habits of study participants and other covariates is shown in table 1. Prevalence of ever smoking was high in both men and women; only 27% of women and 13% of men reported never having been smokers. However, prevalence rates were in the same order of magnitude as in the general population of Denmark prior to 1980. 22 Women tended to be cigarette smokers whereas more men smoked pipes or had mixed tobacco consumption. A relatively large proportion reported not inhaling the smoke. These were mostly cheroot, cigar and pipe smokers, whereas most cigarette smokers reported inhaling. In general men tended to have smoked for more years than the women. In both sexes heavy smokers had been smoking for longer times.
In the follow-up period from 1980 to 1985, 263 (4.7%) men and 243 (7.1%) women were granted a disability pension. The percentages of cases were higher in the older than in the younger age group in both sexes, i.e. 110 (2.7%) men and 121 (4.3%) women below 60 years of age and 153 (9.7%) men and 122 (20.3%) women aged 60-67 years were granted a disability pension, respectively. Tables 2 and 3 show the results of the univariate as well as the multivariate logistic regression analyses using disability pension as the end-point. For both men and women aged less than 60 years smoking status was found to be strongly associated with the risk of being granted a disability pension and the risk was not affected by adjustment for confounders. Among men ( Figure 1 Diagram showing the details of the present study population and reasons for exclusions of participants. * Not in the working force for other reasons than early retirement with redundancy pay or disability pension. smokers and ex-smokers, whereas the risk in ex-smokers was not significantly increased. The risk for all male current smokers irrespective of tobacco consumption and age was 2.90 (1.52-5.52) when compared to never smokers. However, smoking seemed to be more strongly associated with disability in the younger than in the older age group, but the interaction term between age group and smoking status did not reach significance (table 2) . When comparing groups of current smokers, the risk of being granted a disability pension seemed to increase with increasing tobacco consumption but this dose-response relationship was not statistically significant in either age group of the men.
Regarding women ( Almost all of the covariates were associated with the risk of being granted a disability pension when analysed in the univariate regression models. However, after multivariate adjustment only smoking, age and occupation were significant predictors in both men and women. In men living alone, low level of education and a sedentary lifestyle also increased risk of disability (table 2) , whereas in women physically demanding work was still a significant predictor (table 3) .
DISCUSSION
This longitudinal population study investigated the association between smoking behaviour and the risk of disability in three cohorts from the Copenhagen area. After adjustment for various confounders, it was found that with the exception of older women, both male and female smokers had an increased risk of being granted a disability pension. on 4796 workers in the construction industry followed for six years also suggested that current smokers were at increased risk of early retirement due to permanent disability when compared to never-and ex-smokers. 18 In this study the relative risk ranged from 1.3 in persons who reported smoking 1-19 cigarettes a day to 1.6 in persons who reported smoking >29 cigarettes a day when using never smokers as the reference group. In addition, pipe and cigar smoking were associated with a lower risk than cigarette smoking in this study. Further Biering-Sørensen et al. studied smoking as an indicator of disability pension over a 15-year time period in a general Danish population of 892 persons. They reported that daily smoking was associated with an increased risk of being granted a disability pension when compared with nonsmoking (OR=2.44, 95% CI: 1.42-4.20; RR=2.48, 95% CI: 1.44-4.27). 13 They also analysed the effect of inhalation habits, years of smoking, previous smoking and years since quitting smoking and found no association after adjusting for current smoking and other confounders. Thus, in spite of different criteria for granting public disability pensions and different retirement alternatives in various countries, this study is in accordance with previous studies. The fact that smoking in the elderly showed a less pronounced effect in the present study might be caused by a healthy smoker effect, i.e. selection of healthy individuals by inclusion of only subjects healthy enough to smoke heavily and yet stay healthy and alive until the end of the follow-up period. Thus, the results may underestimate true effects of smoking due to exclusion of the unhealthier subjects who had died prior to the end of the follow-up period or who were already receiving disability pension or were excluded from the working force for other reasons at the start of the study. The high proportion of individuals regularly exercising in their leisure time (>80%) supports selection of a relatively healthy study population. Early retirement with redundancy pay after the age of 60 years may also be an important influence on the number of disability pensions granted among participants aged 60 to 67 years. This might lead to a biased result if these are not equally distributed with respect to smoking status. Thus if smoking is positively associated with early retirement with redundancy pay, as one might expect, these results given here may further underestimate the effect of smoking. With this in mind the results seem reasonable and may even underestimate the association between smoking and risk of disability, especially in the oldest age group. Information on smoking habits was only obtained at one point of the study, and changes in smoking habits during the follow-up period have not been considered. However, if persons who quit smoking after baseline examination had a lower risk of being granted a disability pension than those who continued, this would have diluted the described association toward the null value, causing an underestimate of the true association. The same is true for non-smokers who start smoking after baseline examinations. Finally, lack of power due to relatively few cases might weaken the association. A main issue is to what extent the disability pension reflects development of disease or person's wish and activity to receive disability pensions. Unfortunately, we were not able to differentiate between the medical diagnoses causing the disability pensions in this study. However, at least in the oldest age group, early retirement due to reasons other than development of disease would result in redundancy pay. Thus, it appears reasonable to conclude that smoking is a causative agent leading to permanent disability and disability pensioning, as smoking is an established cause of many diseases. The four most important medical diagnoses considered to be the primary causes of permanent disability in Denmark are mental, musculoskeletal, circulatory and respiratory disorders. 24 Of these, at least two disease categories are related to smoking, namely, cardiovascular diseases and diseases of the respiratory system. Moreover, back-related problems have been associated to smoking in various epidemiological studies. [25] [26] [27] [28] [29] Thus, some of the disability pensions granted due to musculoskeletal problems might be smoking related as well. Furthermore, smoking is related to a number of malignancies 4 and various cancers also contribute to permanent disability resulting in grants of disability pension. 24 Another issue is that retirement to disability was measured during period 1980-1985 and may not refer to the situation today. Although the overall smoking prevalence in men and women has decreased since 1980, the number of heavy smokers has increased and may contribute even more to early retirement due to permanent disability.
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In conclusion, the study showed a significant association between smoking status and the risk of being granted a disability pension for both men and women after adjusting for various confounders. This is important both for the individual and the society as it has great social and economical impact.
